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Bioleaching kinetics of heavy metal from
contaminated sediment by Thiobacillus ferrooxidans
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Abstract: The bioleaching kinetics of heavy metal from contaminated sediment was studied by batch experiments with
Thiobacillus ferrooxidans (T, f). The effects of Fe*" concentrations on the sediment acidification, the growth of T f; Fe*"
oxidation, and solubilization ratio of heavy metal during the bioleaching process were investigated. Monod equation
was used to derive the maximum specific growth rate and the saturation constant of the 7. f with different Fe?"
concentrations. An empirical equation was also used to derive the rate constants of heavy metal ions (Cu®" and Zn®")
solubilization with different Fe*" concentrations. The results show that when Fe®* concentration increases from 2.0 g/Lto
10.0 g/L the maximum specific growth rate of 7. fincreases from 0.129 h™' to 0.159 h™', the saturation constant reduces
from 0.881 g/L to 0.327 g/L and the rate constant of heavy metals solubilization is linearly dependent on the Fe'
concentrations. When Fe" concentrations is over 10.0 g/L, the maximum specific growth rate of the T f'reduces, while
the saturation constant increases. The Fe*' oxidation rates increase with increasing the Fe** concentrations. Taking all the
kinetics parameters into account, the optimal concentration of Fe" is found to be 10.0 g/L.
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Fig. 1 Changing curves of pH and ORP with time at different
initial Fe®'concentrations: (a) Variation of pH with time; (b)
Variation of ORP with time
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Table 1 Kinetic parameters obtained at different initial

Fe*'concentrations for 7f

Experiment — poooyory  uynt KAL)
No.
1 2.0 0.126 0.881
2 4.0 0.127 0.808
3 6.0 0.138 0.644
4 8.0 0.142 0.535
5 10.0 0.159 0.327

12.0 0.145 0.619

7 20.0 0.091 1.106
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Fig. 4 Variations in Fe’" production and Fe?" oxidation rate
with time at different initial Fe*' concentrations: (a) Variation in
Fe** production with time; (b) Variation in Fe*' oxidation rate

with time
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Table 2 Variation of Fe*" oxidation rate at different initial

Fe*'concentrations
Sample No. p(FH(gL ™) kre/(mg L h 7Y

Control 10.0 9.5
1 2.0 76.3
2 4.0 128.6
3 6.0 141.0
4 8.0 169.0
5 10.0 179.9
6 12.0 202.3
7 20.0 2243
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VI E R, W AR Dk S
A ZR T FA 6 B A IR T, BRI T T 4
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Fig. 5 Heavy metal solubilization ratio from sediment at
different initial Fe?" concentrations: (a) Variation in Cu®'
solubilization ratio with time; (b) Variation in Zn?"

solubilization ratio with time

R3 RFEHILG Fe W T T4 Jm s H 3 4
Table 3 Rate constants of heavy metal solubilization at

various concentrations of initial Fe?"

Sample p(Ee*)/ /™!
No. (gL™ cut 72
1 2.0 0.096 0.24
2 4.0 0.120 0.264
3 6.0 0.144 0.288
4 8.0 0.168 0.312
5 10.0 0.192 0.36
6 12.0 0.168 0.216
7 20.0 0.144 0.192
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Table 4 Contents of different forms of heavy metal in

sediment before and after bioleaching

w(Cu)/% w(Zn)/%
Form
No. Before After Before After
bioleaching bioleaching bioleaching bioleaching

F1 9.24 2.08 46.76 10.02
F2 30.71 3.46 35.06 27.63
F3 30.50 8.06 11.85 19.28
F4 29.55 86.39 6.33 43.07

F1: Form of acetic acid extractable; F2: Form of reduction
extractable; F3: Form of oxygenation extractable; F4: Residual

form.

£S5 EEEEHHHEFTEES P KRN LR
Table 5 Relationship between rate constant of heavy metal

solubilization and initial Fe*"concentration

Heavy metal Linear equation R
Cu kn=0.0115+0.072 0.999
Zn kn=0.0145+0.206 0.973

P FERIARLRAE— B R LR T Fe® IR X 4R
WA . N Cu? R Zn® () Ky, ZeME D7 R AT L,
Fe* WREEXT Zn W R IR KT Cu™'e Fer IR
KT 100 g/L J5, Co® M Zn* ) ky FFE, JLRPN R
VIR FE o R A= P A T AR, e A Pk
JEPIRISERT) NI, A e KR BRI, R 3
G B R0 R . BV RV Y Cu
FE LRI S RIE A7AE, Zn BB nTHR U 025 B
i, ML EN, AYaE )RR BN
a0 )P g s Y 2 (A = N W s TR B P B
W) Fe® W8T AR m I h T4 g I R, R4
PNV BRBR AT PRS0, A=A ibk 15 B I T A R )
LR i - B2 R 25 . IR BEVE Ak i e A R 1
BN, AR R TN R, 0k g AR R
PHUE TR, (R RRIEGAT XY Fe IARIH
XA A G v ORI AR

3 Zig

p=}

1) SRH Monod J7FE#F9¢ T A[H Fe? Wk IE Rk
WIE KB 2428, Fe RN 10.0 g/L I, %4k

NAZRI RN N FNEAE RS UE RIS SR IES PN

{ERR/ME, BT R A KR DU R A -
2) Bl Fe® W30, Fe i 2 ke 3001,

i Fe* T4 LA BE Fe? Wk BE IR It B 2 i 4 58

W9, Ry Pt WRBET B g PR SR AL
RO A K BRI, AR 1 i 2
A IE Y] o

3) LEEY) Fe W 2.0~10.0 g/L I, Zn®" Wik
R R ko BT Cu™' I, 1X 5 Zn> ARV AT AE
TEAH K. Fe WEE/NT 10.0 g/L I, FeIKE S Cu
HZn® (R AR TER T B o B ELERAHOG
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